The change of paprika surface colour during three years of storage was monitored by measuring CIEL*a*b* colour parameters once a year. Ten commercial and three branded paprika samples, originating from Hungary, Austria and Serbia, were stored in original packaging at ambient temperature in dark during the storage period. The colour of paprika powder was measured by Chroma Meter CR-400 (Konica Minolta, Japan), using attachment for granular materials CR-A50. Directly measured colour parameters were CIE L* (lightness), a* (+a* = redness, -a* = greenness), b* (+b* = yellowness, -b* = blueness) and dominant wavelength (DWL), while derived colour parameters were chroma (C*), hue angle (h°), and total colour change (ΔЕ). Paprika samples had similar granulation, and therefore it was concluded that it did not influence the colour reflection. The change of reflected colour of paprika powder during storage can be characterized by increase of CIE L* and b* colour values and decrease of a* colour value. Therefore, chroma values remained almost unchanged, while hue angle showed shift in spectrum from red-orange to orange-yellow, similarly to dominant wavelength. The paprika samples changed their colour most rapidly during the first year of storage, except the branded paprika from Serbia. Commercial paprika samples from Serbian market changed their colour more rapidly comparing to other investigated samples.
INTRODUCTION
Paprika is the powder prepared from red pepper fruits (Capsicum annuum L.) used as a spice to give colour, flavour and pungency to various dishes. Red colour intensity is considered as the main quality attribute of paprika, since it influences both consumer acceptance and commercial value (Gomez et al. 1998 , Nieto-Sandoval et al. 1999; Ergüneş and Tarhan 2006) . More pronounced differences between the paprika samples obtained by measuring of colorimetric values are supposed to be the consequence of different content of browning pigments (Kim et al. 2006) . Paprika colour degradation during processing and storage is the major problem in its production and trade but also during prolonged storage of spice paprika in the households (Biacs et al. 1992) . It is mainly a consequence of carotenoids degradation and non-enzymatic browning reactions (Topuz 2008) . These reactions are accelerated by higher temperatures and water activities, light and molecular oxygen (Ergüneş and Tarhan 2006; Topuz 2008 ).
There are several methods for paprika colour evaluation, based on the measurement of surface colour, extraction of pigments, and profiling of carotenoids (Mín-guez-Mosquera and Hornero-Méndez 1994; Deli et al. 1996 ; Kevrešan et al. 2009 ; Kevrešan et al. 2013 ), and it was calculated using first order kinetic model to be about 5 years. In the market, paprika originating from different places and branded by different producers can be found along with paprika powders with protected geographic identifications. However, the issue of difference in colour change and its stability during the common storage period among paprika powders with different origin has been investigated only in a shorter period. Based on the facts mentioned above, the aim of the research was to monitor the changes of paprika colour during three years of storage by measuring of CIEL*a*b* colour parameters once a year.
MATERIALS AND METHODS

Material and storage conditions
Thirteen commercial samples of ground red pepper (paprika) were bought at the market. All samples originated from pepper produced in southeast Europe, namely the Pannonian plain, area which is well recognized for high quality paprika production. Four commercial samples originated from Serbia, three from Hungary and three from Austria. Additional three samples represent brand paprika from Serbia. In each group one pungent sample was included, while the others were sweet. The surface colour of the samples was measured before storage and then once a year, during the following three years. Paprika samples were stored in original packaging (closed bags) at ambient temperature (21±5 o C) in dark during the entire storage period.
Colour measurement
The colour of paprika powder was directly measured with Chroma Meter CR-400 (Konica Minolta, Japan), using attachment for granular materials CR-A50. CIE L* (lightness), CIE a* (+a* = redness, -a* = greenness), CIE b* (+b* = yellowness, -b* = blueness), C* (chroma), h° (hue angle), and DWL (dominant wavelength, nm) were read using a D 65 light source and the observer angle of 2°. The tristimulus values of CIE L*a*b* readings were calibrated against a standard white plate (Y=84.8; x=0.3199; y=0.3377). Each sample was measured in three replicates, and the values were presented as mean±standard deviation.
Derived colour parameters, hue angle and chroma were calculated using the following equations (Topuz et al. 2009 ):
The hue angle value represents the position of determined colour in the colour wheel, with red-purple at an angle of 0°, yellow at 90°, bluish-green at 180° and blue at 270°. 3)
The mean particle diameter was measured by sieving the previously weighted sample through eight sieves, using Bühler (Switzerland) rotational sieving machine. Sieve openings were in the range from 500 µm to 100 µm, and mass of paprika powder retained on each sieve was measured. The mean diameter of particles was calculated as follows (Tepić et al. 2010) : (4) where:
-mass percent of fraction i; -mean diameter of the i fraction.
RESULTS AND DISCUSSION
Particle mean diameter
Particle mean diameters of examined paprika samples are presented in Table 1 . It is known that particle diameter of paprika powders influences the reflected colour (Tepić et al. 2010 ). Since the mean diameter of all samples was in quite narrow range from 149 μm to 206 μm, colour variation cannot be attributed to the differences in particle size.
Change of colour parameters during storage
Change of colour parameters during storage is presented in Figure 1 . All paprika samples with the increased storage time under applied storage conditions became lighter (higher L* values). The most expressed lightness increase was observed in commercial samples from Serbia, while for branded paprika samples from Serbia increase of lightness was much slower but it continued during the entire storage period. The most expressed lightness change in samples from Hungary and Austria occurred during the first year while in the later period it changed only slightly. Contrary to our findings, Topuz et (Figure 1 ). Considering the intensity of yellow colour (b* values), commercial paprika samples from Serbia, as well from Hungary and Austria, showed increase with storage time, while for branded paprika from Serbia the changes of yellow tone intensity were almost not noticed. These trends in red and yellow colour change led to relatively constant C* values during storage (Table 2 ). In the study of Topuz et al. (2009) , decrease of a* values was also noticed, as well as decrease in b* and C* values which is in opposition to our findings. However, different trends in colour changes refer to different storage periods and different storage conditions and thus cannot be compared directly. Starting values for the hue angle (h°) were around 45°, which represents red-orange area on the colour wheel (Table 3) . These values are usual for paprika samples (Tepić et al. 2010 ). Change of dominant wavelength expressed trend of decrease similar to the above mentioned trend of hue angle increase (Table 4) , which was the consequence of the visible transition of paprika colour from red-orange to orange-yellow hues. Total colour change (ΔE), which indicates Table 2 .
Change of chroma values of paprika during storage
Results are given as mean ± standard deviation (n = 3) Table 3 .
Change of hue angle values of paprika during storage
Results are given as mean ± standard deviation (n = 3) 
CONCLUSION
From the presented results, it can be concluded that change of reflected colour of paprika powder during three years storage period is characterized by increase of lightness (CIE L*), decrease of red colour intensity (CIE a* value) and increase of yellow colour intensity (CIE b* value), while the hue angle showed shift from redorange to orange-yellow. Dominant wavelength (DWL) decreased with the same trend, also indicating change from red to yellow hues in reflected spectrum while the chroma (C*) remained almost unchanged.
The colour changed most rapidly during the first year of storage except in the case of the branded paprika from Serbia which had the most stable colour during the first storage year. In the second and especially in the third year, the colour change decreased.
Regarding differences between the paprika samples of different origin, commercial paprika samples bought in Serbia changed their colour more rapidly comparing to the other samples, with the highest total colour change in the end of storage period. On the contrary, Serbian brand paprika showed least change after the first year of storage.
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